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The ultimate promises of emerging binary optics 
technology include sheet optics by the square meter, 
high-quality throwaway optical sensors, and arrays of 
hundreds of small modular lasers coherently added to 
form powerful laser beams. Binary optics refers to the 
two-level (high-low) nature of the phase-relief pattern 
used to control the phase, amplitude, and polarization 
of an optical wavefront. 

Two-level relief structures can be fabricated by the 
same technology used to produce V L S I / V H I S I C de
vices for the electronics industry (Fig. 4). As in inte
grated circuit fabrication, wi th binary optics it is pos
sible to produce many optical elements from a single 
mask. These optical elements can be planar, low-cost, 
lightweight replacements of conventional optical ele
ments such as lenses and scanners, or they can be 
unique optical functions not feasible with conven
tional optics. 

In the area of conventional optics replacements, re
searchers at M I T L inco ln Laboratory have used bina
ry lenses in a C O 2 laser radar telescope to image ob
jects at ranges of a few kilometers. For monochromat
ic laser operation, far off-axis lenses are appropriate. 
However, binary optics offers a b ig payoff in infrared 
thermal imaging applications where on-axis lens op
eration is essential. In these applications, mult i- level 
lens structures (2N-1 levels for N binary masks) can 
maintain the high diffraction efficiency. 

For nonimaging applications, very large apertures 
can be assembled from planar etched metal or kapton 
embossed components. Wi th present technology, 1-m 
diameter planar substructures are feasible. At the 
small end of the scale, arrays of micro-lenses, deep 
diffractive structures for agile beam steering, and 
very-high-speed noncontiguous scanners on spinning 
thin substrates are recognized applications. 

A n appl icat ion exploi t ing the unique diffractive 
properties of binary optics is multi-branched laser 
cavities that coherently add one- and two-dimension
al arrays of lasers. Researchers in the binary optics 
program at Defense Advanced Research Projects 
Agency tested several techniques with GaAs, C O 2 , 
and H e N e laser arrays, and bel ieve it is feasible to 
add coherently a few hundred modular lasers. The 

FIGURE 4. With control of the high-low relief 
pattern in a metal or dielectric substrate, 
the polarization of an illuminating 
wavefront can be controlled. 

modular array technology permits high laser power 
from smal l sources at low cost. In addit ion, cata
strophic failures are avoided. 

Aperture filling wi th arrays of lasers already phase-
locked by evanescence is a related technique devel
oped at the M I T L inco ln Laboratory. Here, binary 
optical elements convert an array of laser sources 
(with associated strong far-field sidelobes) into a uni
formly i l luminated output aperture with near-perfect 
efficiency. 

Other novel applications of binary optics are broad
band antireflection coatings and the mixing of refrac
tive or reflective elements with diffractive compo
nents for more design flexibility in electro-optical 
sensors. 
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